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stituted spheroidene does indeed bind to the bRC inSecrets of Carotenoid Binding
the same manner as the naturally occurring spheroidene
in wild-type bRCs.
Triplet-triplet energy transfer from P to the carotenoid
occurs through an accessory bacteriochlorophyll inter-In this issue of Structure, researchers reveal new crys-
mediate, BChlB. In order for triplet-triplet energy transfertal structures of the bacterial reaction center of Rb.
between two molecules to occur, there must be vansphaeroides R-26.1 containing either no carotenoid or
der Waals contact and they must have appropriatelynatural or synthetic carotenoid (Roszak et al., 2004).
matched excited state energy levels. In this study byThese structures give insight in to the mechanism of
Roszak et al. (2004), in each of the two carotenoid recon-carotenoid binding.
stituted bRC X-ray crystal structures, the carotenoid is
in van der Waals contact with BChlB. In fact, the positionHere, Frank and colleagues (Roszak et al., 2004) report
of the 15-15-cis bond of the natural and reconstitutedthree new X-ray crystallography structures of the bacte-
carotenoid relative to the BChlB molecule are nearlyrial reaction center (bRC) from the carotenoid-less mu-
identical. In addition to the structural requirement, thetant of Rhodobacter sphaeroides R-26.1 containing ei-
carotenoid triplet state must be lower in energy thanther no carotenoid or reconstituted with the natural
the triplet state of BChlB in order for energy transfer tocarotenoid spheroidene or a synthetic carotenoid, 3,4-
occur. In another study from the Frank laboratory, it wasdihydrospheroidene. The structures suggest that ac-
shown that the triplet state on P is not quenched in bRCscess to the binding site is constrained by the rotational
reconstituted with 3,4-dihydrospheroidene (Farhoosh etmotion of a phenylalanine residue. Based on this obser-
al., 1997). Because energy in the excited state flowsvation, the authors postulate a mechanism for carot-
from the highest to the lowest energy level, the authorsenoid binding which selects for the correct orientation
had hypothesized the excited state of 3,4-dihydrosphe-of the molecule in the bRC.
roidene must be higher than the excited state of BChlB.bRCs normally bind a single carotenoid molecule,
However, a possibility remained that 3,4-dihydrosphe-spheroidene. One of the important roles of the carot-
roidene is not bound to the bRC in the same mannerenoid in the bacterial reaction center is to quench triplet
as spheroidene. This possibility can now be excludedstates that can form on the primary electron donor P
because it can be seen in the structure of the bRCas a result of charge recombination reactions (Krinsky,
reconstituted with 3,4-dihydrospheroidene that this ca-1971). These bacteriochlorophyll triplet states react with
rotenoid does indeed bind in the same position as sphe-molecular oxygen to form excited singlet state oxygen,
roidene (Roszak et al., 2004). Therefore, this result sup-which can cause oxidative damage to the cell. The carot-
ports the idea that the relatively higher excited stateenoid protects the reaction center from oxidative dam-
energy level of 3,4-dihydrospheroidene compared to
age by preventing singlet oxygen formation.
BChlB prevents triplet state quenching.The first X-ray crystal structure of a membrane protein
In the new carotenoid-containing structures (Roszak
was of the bRC from R. viridus (Deisenhofer et al., 1985). et al., 2004), it can be seen that both ends of the carot-
Subsequently, the X-ray crystal structure of the bRC enoid are exposed to solvent, which suggests that the
from Rb. sphaeroides was determined (Arnoux et al., carotenoid could enter the site from either opening. -
1989) and the carotenoid was modeled in the 1515- stacking interactions between the carotenoid and aro-
cis configuration as predicted by spectroscopic studies matic amino acids stabilize binding to the protein, as
(Lutz et al., 1976). Bacterial reaction centers that lack they do in other carotenoid binding proteins. A hydrogen
spheroidene have been isolated from a carotenoid-less bond from Trp 75 of the M subunit to the methoxy head
mutant of the photosynthetic bacteria Rb. sphaeroides group of the carotenoid serves to selectively retain the
R-26.1, and X-ray crystal structures have been deter- molecule in the bRC.
mined (Yeates et al., 1988). Apparently, the carotenoid Based on the bRC structures and the ability of the
is not required for assembly of the bRC or for charge protein to incorporate cis carotenoids, an obvious ques-
separation in the bRC. A wide variety of carotenoids tion is: how does a cis carotenoid enter and bind to the
have been incorporated into carotenoid-less reaction bRC in the correct orientation, given that extracts from
centers (Agalidis et al., 1980; Boucher et al., 1977; Far- Rb. sphaeroides wild-type cells, show that spheroidene
hoosh et al., 1997). It has been shown that the reconstitu- is mostly in the all-trans configuration (Frank et al.,
ted spheroidene molecule in bRCs behaves similarly, 1997)? Roszak and coworkers discuss the energetic re-
both spectroscopically and functionally, to the natural quirements for isomerization to the cis configuration.
spheroidene in the wild-type reaction centers (Frank et They conclude it is not possible for the protein to bind
al., 1996). Thus, reconstitution of the bRC with nonnative a trans carotenoid that subsequently isomerizes to the
carotenoids has provided an opportunity to study the cis configuration because the carotenoid binding site
nature of the triplet-triplet energy transfer mechanism. cannot accommodate an all-trans carotenoid. Instead,
However, an assumption of studies on reconstituted spontaneous thermal isomerization of the carotenoid
bRCs is that the carotenoid binds in the same position can occur at growth temperatures and the bRC may
and orientation as in native bRCs. The X-ray structures simply bind a cis configuration carotenoid as it forms
in the cell. This, in fact, may be the secret behind thepresented by Roszak et al. (2004) confirm that the recon-
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preparation of carotenoid-reconstituted bRC samples correct orientation, open the way to further study of
triplet state quenching by carotenoids in the bRC.which involves an obligatory sonication step. Roszak
and coworkers point out that the treatment results in
isomerization of about one-third of the all-trans spheroi- Cara A. Tracewell
dene to a mixture of cis isomers. The agitation provided Department of Chemistry
from sonication may also in some way facilitate carot- Yale University
enoid binding by opening the binding pocket for easier P.O. Box 208107
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zonular fibers of the eye), microfibrils provide the elastic-The Structural Basis of Elasticity
ity and resilience needed for lens accommodation. In-in Fibrillin-Based Microfibrils herited defects in fibrillin-1 in humans cause Marfans
syndrome (Robinson and Godfrey, 2000), manifested by
severe cardiovascular, skeletal, and ocular abnormali-
ties, reflecting the critical contribution of fibrillins to tis-The resiliency of vertebrate tissues such as skin and
sue integrity.blood vessels is generated by the elastic fiber network.
Fibrillin-1, the major fibrillin of adult tissues, is a modu-A recent article by Lee and colleagues (Lee et al., 2004)
lar glycoprotein formed primarily of 43 rigid calciumprovides intriguing new cues into the organization and
binding EGF (cbEGF) domains, interspersed amongstructure of this network.
which are seven “TB” (TGF binding-protein-like) mod-
ules. Isolated microfibrils have a characteristic bead onElastic fibers are major components of the extracellular
a string appearance, with an untensioned bead periodic-matrix (ECM) of vertebrate tissues such as skin, lung,
ity of 56 nm in the presence of bound calcium (Sherrattand blood vessels that endow such tissues with the
et al., 2003), indicating that the 150 nm long fibrillin-1resilience needed for recoil when stretched. The main
molecule is highly folded within the microfibril (Baldockcomponent of elastic fibers is elastin that is ensheathed
et al., 2001). Despite extensive studies, the precise mo-by 10 nm fibrillin-rich microfibrils, which provide the
lecular packing of fibrillin-rich microfibrils and thereforetemplate for the deposition and assembly of secreted
the basis of their elasticity remain unknown. A recenttropoelastin monomers into insoluble elastic fibers (Zhang
et al., 1995). In tissues lacking elastin (such as the “jack-knife” model based on automated electron tomog-
